M
ethane is the most abundant hydrocarbon in our solar system and is found in the atmospheres of several planets and satellites (1) . On Earth, 90 to 95% of atmospheric methane is biologically produced, either from extant or fossil sources, and it is easy to identify and quantify with confidence by using spectroscopic methods (2) . For Mars, three possible origins have been proposed: geologic, biotic, and exogenous (3) (4) (5) . Over the past decade, there have been several reports of methane detection from Earth and from Mars orbit. Observations with the Canada-France-Hawaii Telescope (CFHT) found a global average value of 10 T 3 parts per billion by volume (ppbv) (5) . The Planetary Fourier Spectrometer (PFS) on the Mars Express (MEX) spacecraft found a global average abundance of 10 T 5 ppbv (4), later updated (6) to 15 ppbv, with indications of discrete localized sources (4) and a summer time maximum of 45 ppbv in the north polar region. A search for methane from the Infrared Telescope Facility (IRTF) and the Keck-2 telescope reported methane release in plumes (7) from discrete sources in Terra Sabae, Nili Fossae, and Syrtis Major, with the largest plume containing 19,000 tons of CH 4 (9, 11) , and <8 ppbv in January 2006 (10) , 2009, and 2010; whereas orbital data from PFS and TES suggest a more regular behavior with latitudinal, seasonal, and interannual variabilities. At Curiosity's Gale Crater landing site (4.5°S, 137°E), published maps of PFS data (6) show an increase from~15 ppbv in fall to~30 ppbv in winter, whereas the TES trend (8) is opposite:
30 ppbv in fall and~5 ppbv in winter. The Tunable Laser Spectrometer (TLS) of the Sample Analysis at Mars (SAM) (12, 13) instrument suite on the Curiosity rover has a spectral resolution-0.0002 cm −1 , which is far superior to those of the ground-based telescopic and orbiting spectrometers-that offers unambiguous identification of methane in a distinct fingerprint spectral pattern of three well-resolved adjacent 12 CH 4 lines in the 3.3 mm band (Fig. 1) . The in situ technique of tunable laser absorption in a closed sample cell is simple, noninvasive, and sensitive. TLS is a two-channel tunable laser spectrometer that uses both direct and second harmonic detection of infrared (IR) laser light. One laser source is a near-IR tunable diode laser at 2.78 mm that can scan two spectral regions containing CO 2 and H 2 O isotopic lines that have been used to report 13 C/ 12 C, 18 O/ 17 O/ 16 O, and D/H ratios in the Martian atmosphere (13) . The second laser source is an interband cascade (IC) laser at 3.27 mm used for methane detection alone, scanning across seven rotational lines that includes the R(3) triplet used in this study ( Fig. 1 and table S1 ). The IC laser beam makes 81 passes of a 20-cm-long sample cell of the Herriott design fitted with high-vacuum microvalves that allow evacuation with a turbomolecular pump for "empty cell" scans or filled to Mars ambient pressure (~8 mbar) for "full cell" runs. During data collection, the cell and other optics are kept at 47 T 3°C by using a heater that thermally stabilizes the cell but is ramped up and down within these temperature limits in order to increase gas sensitivity by spoiling the accumulation of optical interference fringes during the 2-min period of spectrum collection. Our methane determination is made by comparing the measured methane abundances in our sample cell when filled with Mars atmosphere with those of the same cell evacuated, as detailed in (14) . The laser scans every second through the methane spectral region, and each spectrum is co-added on board to downlink sequential 2-min-averaged spectra during a given run of~1 to 2 hours in duration. Typically, we recorded 26 2-min "empty cell" spectra followed by 26 2-min "full cell" spectra, then finally five additional 2-min empty cell spectra. For each 2-min spectrum, we retrieved methane abundances from three spectral lines (14) individually and combined the results so as to produce a weighted average value. By subtracting all retrieved abundances (full and empty cell) from the empty cell mean value for that sol (one Martian solar day) run, we were left with 31 differences for the empty cell and 26 for the full cell. For our statistical analysis, we analyzed the empty cell and full cell differences for all the sols taken as one data set (14) . For sols 79, 81, 106, and 292, the foreoptics chamber contained residual terrestrial air (Table 1, pressures) , including CH 4 , that produced absorption line signals in the sample cell detector channel, as described in (14) . For sols 306 and 313, the foreoptics was evacuated. Both the sample cell and foreoptics chamber have pressure and temperature sensors. This experiment has been repeated on six separate Martian sols to date (Martian sols 79, 81, 106, 292, 306, and 313 after landing in August 2012). The inlet to the TLS is a stainless steel tube (14) heated to 50°C and located on the rover side~1 m above the Martian surface and was pointed at a variety of directions relative to the nominal wind direction. Mars atmospheric gas was ingested during the night for sols 79, 81, 106, 292, and 313 and during the day for sol 306 (Table 1) . Our measurements correspond to southern spring (sols 79, 81, and 106) and midlate summer (sols 292, 306, and 313) on Mars.
To date, we have no detection of methane. Individually (Table 1) , each of our six data sets produces a mean methane value ranging from -2.2 to 1.7 ppbv. Combining the individual sol results with equal weighting yields a mean and SE of 0.11 T 0.67 ppbv. Alternatively, combining all of the individual measurements from all sols yields a grand mean and SE of 0.18 T 0.67 ppbv. At the 95% confidence level, either approach (14) yields an upper limit on Mars atmospheric methane of 1.3 ppbv. Curiosity's low upper limit is not expected given observations only a few years ago of large methane plumes and calculations (7) that the plume dispersion should produce global values of~6 ppbv after the 6-month period (3, 15) needed to mix uniformly across the planet, which would persist with a photochemical lifetime of several hundred years (3, 5, 16) .
Before Curiosity's landing on Mars in August 2012, observational evidence for methane on Mars was questioned in the published literature (15, 17, 18) . Contradictions were noted between the locations of maxima reported from groundbased observations and maps inferred by PFS and TES from Mars orbit. The plume results (7) were questioned (17) on the basis of a possible misinterpretation from methane lines whose positions coincided with those of terrestrial isotopic 13 CH 4 lines. Krasnopolsky (19) argued that cometary and volcanic contributions were not sufficient to explain high methane abundances, calculating a cometary contribution of only~0.1 ppbv and noting the lack of current volcanism, lack of hot spots in thermal imaging (20) , and the extremely low upper limit for Mars SO 2 (9, 21) that in Earth's volcanic emissions is orders of magnitude more abundant than CH 4 (5) .
The very short methane lifetime of 0.4 to 4 years derived from the 2003-2006 observations (7) requires powerful destruction mechanisms that have not been identified to date. Although models have been proposed for rapid removal of methane by oxidants-such as hydrogen peroxide and perchlorates, or by superoxides derived from their mineral reactions (22) (23) (24) and directly by electric fields generated in dust devils (25)-there remains no evidence for their existence at Mars. Moreover, it has not been demonstrated that any of these processes can reduce the lifetime of methane by the required factor of 100 or more compared with its photochemical lifetime. Our reported upper limit of 1.3 ppbv is substantially lower than the methane abundances reported from Mars remote sensing spacecraft observations and those from Earth telescopic observations, including both the earlier high values of typically tens of ppbv and the more recently reported upper limits of 7 to 8 ppbv (9, 10). Although TLS samples only the very lowest part (~1 m) of the Mars atmosphere as compared with those of the other observations that are vertical column-integrated results, the atmospheric scale height (~10 km) and mixing time (approximately a few months) suggests that our measured upper limit is representative of the global mean background level. With an expected photochemical lifetime of methane in the Martian atmosphere of hundreds of years (3, 5, 16) , there currently remains no accepted explanation (15, 17) for the existence and distribution of the reported plumes nor of the apparent disappearance of methane over the past few years. Our result sets an upper limit that is~6 times lower than other recent measurements and greatly reduces the probability of substantial methanogenic microbial activity on Mars and recent methane production through serpentinization or from exogenous sources, including meteoritic, interplanetary dust and cometary infall. Joshua A. Mosberg, 1,2 Nadin Rohland, 1 Peter G. Schultz, 10 Joseph M. Jacobson, 11, 12 Jesse Rinehart, 4, 6 George M. Church, 1,13 * Farren J. Isaacs 3,4 *
We describe the construction and characterization of a genomically recoded organism (GRO). We replaced all known UAG stop codons in Escherichia coli MG1655 with synonymous UAA codons, which permitted the deletion of release factor 1 and reassignment of UAG translation function. This GRO exhibited improved properties for incorporation of nonstandard amino acids that expand the chemical diversity of proteins in vivo. The GRO also exhibited increased resistance to T7 bacteriophage, demonstrating that new genetic codes could enable increased viral resistance.
T he conservation of the genetic code permits organisms to share beneficial traits through horizontal gene transfer (1) and enables the accurate expression of heterologous genes in nonnative organisms (2) . However, the common genetic code also allows viruses to hijack host translation machinery (3) and compromise cell viability. Additionally, genetically modified organisms (GMOs) can release functional DNA into the environment (4). Virus resistance (5) and biosafety (6) are among today's major unsolved problems in biotechnology, and no general strategy exists to create genetically isolated or virus-resistant organisms. Furthermore, biotechnology has been limited by the 20 amino acids of the canonical genetic code, which use all 64 possible triplet codons, limiting efforts to expand the chemical properties of proteins by means of nonstandard amino acids (NSAAs) (7, 8) .
Changing the genetic code could solve these challenges and reveal new principles that explain how genetic information is conserved, encoded, and exchanged ( fig. S1 ). We propose that genomically recoded organisms (GROs, whose codons have been reassigned to create an alternate genetic code) would be genetically isolated from natural organisms and viruses, as horizontally transferred genes would be mistranslated, producing nonfunctional proteins. Furthermore, GROs could provide dedicated codons to improve the purity and yield of NSAA-containing proteins, enabling robust and sustained incorporation of more than 20 amino acids as part of the genetic code.
We constructed a GRO in which all instances of the UAG codon have been removed, permitting the deletion of release factor 1 (RF1; terminates translation at UAG and UAA) and, hence, eliminating translational termination at UAG codons. This GRO allows us to reintroduce UAG codons, along with orthogonal translation machinery [i.e., aminoacyl-tRNA synthetases (aaRSs) and tRNAs] (7, 9), to permit efficient and sitespecific incorporation of NSAAs into proteins (Fig. 1) . That is, UAG has been transformed from a nonsense codon (terminates translation) to a sense codon (incorporates amino acid of choice), provided the appropriate translation machinery is present. We selected UAG as our first target for genome-wide codon reassignment because UAG is the rarest codon in Escherichia coli MG1655 (321 known instances), prior studies (7, 10) demonstrated the feasibility of amino acid incorporation at UAG, and a rich collection of translation machinery capable of incorporating NSAAs has been developed for UAG (7) .
We used an in vivo genome-editing approach (11), which is more efficient than de novo genome synthesis at exploring new genotypic landscapes and overcoming genome design flaws. Although a single lethal mutation can prevent transplantation of a synthetic genome (12), our approach allowed us to harness genetic diversity and evolution to overcome any potential deleterious mutations at a cost considerably less than de novo genome synthesis (supplementary text section B, "Time and cost"). In prior work, we used multiplex automated genome engineering [MAGE (13) 
Materials and Methods
Figs. S1 to S5 Tables S1 to S3 References (26, 27) This instrument has been previously described in detail (12, 13) . Fig. S1 below emphasizes the optical layout for the methane measurement.
Methane spectroscopy and laser parameters:
The TLS interband cascade (IC) laser scans through a unique fingerprint of seven spectral lines in the υ 3 band: three 12 CH 4 lines associated with R(3) and four subsequent 13 CH 4 lines associated with R(3) transitions. Table S1 below lists the three 12 CH 4 lines used for this study, as identified by both the HITRAN data base (26) and laboratory measurements. We create the labels e, f, g for these three lines, where the g line is strongest, and both e and f are about half the intensity of the g line. The IC laser was developed at JPL, and operated near 245 K stabilized by a two-stage TEC cooler producing singlemode (>99%) continuous-wave output power with a linewidth retrieved from low-pressure (Doppler limited) spectra of ~10 MHz. This light was collimated using an efficient triple-lens collimator to produce ~1 mW laser power that passes through the foreoptics chamber then into the sample (Herriott) cell. Prior to entering the Herriott cell, the beam was attenuated by a factor of ~20 by a thin mylar sheet (not shown in Fig. S1 ) to reduce optical fringing and detector non-linearity. We note that the pre-launch settings for the TEC and laser current scans (used for calibration also) have not been changed and the target spectral line positions remain in our scan window. Very small (~linewidth) variations in the spectral line position are seen depending on the Curiosity heat ramp behavior, but we observe and track the methane lines continually for each spectrum through the simultaneously-recorded reference cell detector; the tracked methane spectrum arises from residual methane gas in the foreoptics chamber.
Evolved Gas Analysis Spectrum of Figure 1 :
In Figure 1 we presented actual flight spectra downloaded from Curiosity rather than showing calculated HITRAN spectra. Spectra C and D are from the methane analysis presented here, but spectra A and B are from a different unrelated experiment on Mars in which a rock sample is heated (Evolved Gas Analysis (EGA) run) in a pyrolysis oven to produce evolved gas fed to TLS that was observed to contain methane. These spectra are shown here in part because they were taken AFTER the atmospheric methane runs and show that our CH 4 lines have not moved, and the instrument continues to work well with consistent capability to detect methane. The EGA spectra of Fig 1 (A,  B) show the location of 12 CH 4 and 13 CH 4 lines in both the direct absorption and second harmonic (2f) spectrum.
Description of the Difference Method:
We determine Mars methane abundances by differencing full cell and empty cell results (not spectra), as described below. In a typical run on one sol, we collect (downlink) 26 empty cell spectra (2 minutes on board averaged each) followed by 26 full cell, then a few more empty for return-to-zero check. Cell temperatures and pressures are extremely stable during the complete sol run and contribute negligibly to our results (see later). We chose to record relatively long periods of continuous empty or full spectra to make sure that no drift (growth or loss) in retrieved methane abundance was observed during the run. We record sequential 2-minute empty cell spectra for ~1 hour followed by ~1 hour of sequential full cell spectra. We do not difference full-empty spectra before processing. Rather, with powerful computing resources now available, we process each of our 3 methane lines separately in each and all of our 2-minute spectra (by comparison with HITRAN calculations described below), then produce a combined efg-line average abundance for each spectrum that becomes a single raw 2-minute data point. Then, after applying common calibration factors and error contributions, we compare statistically the empty and full cell results for all the sols after normalizing to the empty cell mean values.
Direct and Second-harmonic (2f) Spectra TLS is designed to simultaneously produce both direct absorption and second harmonic (2f) spectra, as is standard for commercial and laboratory tunable laser spectrometers (27) . Tunable laser spectrometers "scan" through spectral lines by applying a current ramp (usually saw-tooth) to the laser that through junction heating changes the wavelength by a small amount, the ramp repeated typically every one second (as done in TLS).
In direct absorption, absorption line depths that indicate gas abundance are measured as dips in the large light level on the detector as the laser is scanned. For very weak absorptions of ~1% or less (due to low gas amounts, too small path lengths or gas pressures, etc., and as expected for low methane (<20 ppbv) amounts) it is challenging for electronics and dynamic range to measure small changes in a large signal, and a "harmonic" detection is preferred.
In harmonic detection, the very narrow laser linewidth (much narrower than the gas absorption line) is modulated ("dithered") at high frequency (say 10 kHz) by applying a sinusoidal component to the laser current ramp (increasing laser current is the normal method of tuning the laser across the spectral scan) with an amplitude that is small compared to the gas linewidth. So, if we modulate at 10 kHz and look at only the component of the detector signal at 10 kHz (using phase-sensitive detection), we would record a first-harmonic or first-derivative 1f spectrum as shown in Fig. S2 . Outside the spectral line and at the line center, the laser is jiggling left and right where no difference exists, so it records zero in these places, but has its maximum signals (negative and positive) at the side of the line where the slope is maximum.
If we now modulate at 10 kHz, but look at the component of the laser light on the detector that is at 20 kHz, we would record (as we do on TLS) the second-harmonic or second-derivative (2f) spectrum seen in Fig. S2 . Both 1f and 2f spectral signals are zero-based in amplitude (electronics gain likes that) and move the detection frequency to higher frequency (kHz) compared to the direct (DC) spectrum, where 1/f noise is lower. Thus the harmonic method produces higher signal-to-noise spectra. The 1f spectrum is not usually used since it can have small vertical offsets and the line center position is a zero-crossing rather than a peak. The 2f spectrum is preferred since it has its peak in the same place as the direct absorption spectrum, and moves the detection regime to the higher (20 kHz) frequency.
Spectral Data Processing
The Beer-Lambert law models the optical transmission of light through an absorbing medium:
where I ν is the transmitted light intensity at frequency ν, I 0 is the incident light intensity, k(ν) is a line shaping function that may be Doppler, Lorenzian, or Voigt, although the Doppler lineshape is a close approximation at Mars atmospheric pressures. ρ is the number density and l is the path length in cm. We use this model to determine the abundances of individual absorption lines present in our sampled measurements. The model needs many input spectral parameters for temperature dependence, air broadening, ground state energy, etc., and we use the HITRAN database for this information (26) . Direct absorption spectra produce good results for gases that have line center absorption depths of ~1% or greater. For higher sensitivity, we add a modulation to the laser current and then demodulate the returning detector signal at twice that frequency. This effectively gives us a second harmonic or 2f 
Laser Power Normalization and Wave Number Scale
For a given channel (either CH 4 or CO 2 /H 2 O), TLS returns 3 spectra from the Herriott cell "science" detector, and 3 spectra from the reference channel detector. For both the Herriott cell and reference channel spectra, these 3 spectra are the direct absorption spectrum, the 2f spectrum, and a high-gain 2f spectrum. Our methane analysis is done using the 2f spectrum that is normalized to laser power from the direct absorption spectrum and mapped to a wave number scale using the reference detector signals. The high-gain 2f spectrum is not used since with only moderate gain increase (x16) it duplicates the 2f spectrum in signal-to-noise ratio but suffers from dynamic range restriction.
TLS also returns reference detector spectra recorded simultaneously with those from the science detector, and these are used to track the methane lines to provide the wave number scale for later processing. The methane signal (spectra) detected by the reference detector (located inside the foreoptics, as shown in Fig. S1 ) is due to residual methane in the foreoptics. The foreoptics contribution to the science spectrum is equivalent to about 90 ppbv for sols 79-292. The 2-stage thermoelectric cooler on the IC laser keeps the lines in the same position during the scans, with drifts in line positions over all sols of only about 1-2 linewidths that are tracked successfully.
For an amount of gas at a given pressure and temperature, the model will predict the depth and width (distribution in wave number) of the absorption by the gas sample for all sampled frequencies, allowing us to then compare our recorded spectra to the spectra produced by the model. But, in order to make this comparison, we must first normalize the recorded data. This process that takes level 0 data (spectra) and produces level 1 data (spectra) entails:
1. Removing a "null pulse" which is a measurement of the background light taken with the laser off, and recorded during every one second spectrum that is averaged on board for our 2-minute downlinked spectrum. This allows us to determine the direct absorption with respect to a percentage of transmitted light (i.e. 1% absorption: 99% transmission). 2. Removing any DC offsets in the harmonic spectra (described below). 3. Fit the baseline of the spectra. This sloping baseline results from the fact that the laser output power increases as it tunes through different wave numbers. 4. Assign a wave number (cm -1 ) scale to the real spectra. We do this by using easily identifiable peaks of known wave number. Once the raw spectra (level 0 data) are normalized (Fig. S3) as level 1 data, we can then use the HITRAN model to scale our real world data. Fig. S3 . Example of normalization of a real single spectrum (2 min.) downloaded for sol 106. The methane triplet lines e, f, g can be identified from Table S1 above. The left panel is the complete level 0 spectra, whereas the right panel that shows level 1 data (same 2-min. spectrum normalized to power and given wave number scale) has been expanded in wave number to show the methane lines used and the occurrence of optical interference fringes that limit the detection method for a single 2-min. spectrum.
Producing Abundances
Using temperatures and pressures from our instrument for input, we iteratively run the model, varying the abundance in a converging algorithm until the synthetic spectra for the single line is the same size as our real spectrum (within some determined threshold). The convergence criteria are set to optimize for the 2f spectra.
For the methane analysis, we generate two results, one named "peak-to-peak" that returns the peak-to-peak signal amplitude (actually central peak to lobe-average) values, and a second named "integral" that returns the area of the 2f line between and above the bottom lobe minima positions (wave number). The peak-to-peak method finds the signal amplitude of the 2f maximum and lobe minima average, and is our preferred method since it produces somewhat lower scatter in our data, although results for either method are very close. The integral method, which is used for retrieving H, C, O isotope ratios (19) uses the following algorithm:
1. Find the global max of the 2f absorption spectra (peak) 2. Find the two local minima (2f lobes) 3. Fit a line between the two lobes 4. Using the lobes as integration boundaries, find the area between the fitted line and the spectra for both the direct and 2f spectra. Ratio this area between real and synthetic spectra and if ratio is outside the convergence threshold, iterate with new abundance.
Once the measurements converge, we ratio the resulting areas of the real spectra to the synthetic spectra which has a known abundance. For both methods, using the same laser modulation and gain throughout (pre-launch calibration and all Mars measurements), we relate the 2f signal size to the direct absorption size through calibration as described below, and like any flight project, we rigorously run our experiment as tested and calibrated pre-launch.
Calibration:
When analyzing direct absorption spectra with known pressure, temperature and pathlength, a Beer's law calculation using spectral line parameters from HITRAN can in theory provide the gas abundance without the need for calibration gases (i.e. someone else did the work when they created the data base). However, calibration gases serve the dual purpose of verifying the spectrometer response (a check of pathlength or number of passes in a cell, laser linewidth, pressure, mode purity, temperature, saturation, etc.) and also giving a direct calibration (relationship) between the direct absorption and the 2f channel with its various different gain stages.
The relative methane abundances reported here are calibrated using NIST-traceable methane in air provided by the NOAA-CMDL laboratory (provided by Jim Elkins group) specified to contain 88 ±0.5 ppbv. By injecting this gas into the TLS Herriott cell during pre-launch calibration runs of TLS and SAM in the NASA GSFC environmental chamber, we record both direct absorption and 2f signal sizes using the same conditions (e.g. laser scan, modulation, flight electronics and software, Herriott cell temperature and pressure, ramp heater) used on Mars. During the calibration run, the foreoptics is pumped out so that there is no contribution from foreoptics gas. The path length of the Herriott cell was verified to be 81 passes based on direct absorption measurements of these same methane lines using a second calibration cylinder (same provider) at 1800 ppbv. In addition, by adding pure methane gas at low pressures so that the lines are bleached to zero light transmission at line centers, the mode purity during the scan is verified. No change in alignment or detector signal sizes has been detected since pre-launch. Normalizing the mean value retrieved to 88 ppbv gives us a calibration result and uncertainty of 88.0 ±1.13 ppbv. We note that this absolute uncertainty of ±1.13 ppbv does not carry forward in our difference method described below, since it would only serve to change the mean value and upper limit slightly (by ~1 part in 88).
The foreoptics contribution to the difference method:
The difference method is described in the body of the main paper, and the sequence shown in Fig. S4 below. During the empty or full cell periods, the foreoptics and Herriott cell pressures are very stable; during a typical run (Sol 106) the temperatures and foreoptics pressure are stable to 0.02%, and the Herriott cell pressure during the full cell section is stable to 0.1%. During the long pre-launch and cruise phase to Mars, the foreoptics chamber leaked up to a significant pressure (~76 mbar) by the time we arrived at Mars. This pressure included terrestrial "Florida air" from the launch site that contained significant terrestrial methane gas (~10 ppmv) that showed up as a large methane signal (spectrum) on the Herriott cell science detector for both "empty" and "full" Herriott cell data, since the beam made one pass through the 9-cm length of the foreoptics. Moreover, our first attempts to measure methane on Mars showed methane spectra that increased in size with time during the empty and full cell scans that we attributed to diffusion (leakage) of the foreoptics methane gas into the Herriott cell during the run. Results from these runs made before sol 79 were discarded and not included in the analysis. To reduce the foreoptics contribution, we pumped down the foreoptics chamber in a series of steps for subsequent sol runs (80, 33, 11.5 mbar) until at 11.5 mbar we observed no detectable increase (or reduction) in the empty or full cell spectra with time over the run, so that we were confident that the leakage was negligible during the runs to follow. As a matter of good practice, for the last two data sets of sols 306 and 313, we further reduced the foreoptics pressure to close to zero by pumping on the chamber. As the data in Table S3 shows, the results for all 6 sols are consistent within measurement uncertainty. Note that the low foreoptics contribution in sols 306 and 313 reduces the scatter in the data somewhat, as shown in Table S3 .
Because of the foreoptics contribution, all of our spectra (empty and full Herriott cell) look somewhat like those in Fig. S3 since (in the absence of significant Martian methane) they are dominated by the foreoptics contribution. We then process them as described above, and then look for differences in the empty and full cell results. Specifically, the "full" cell methane spectra are first processed as if the observed methane spectrum came only from the Herriott Figure S4 . Housekeeping data from a single methane run (Sol 106) showing experiment sequence of 26 empty cell scans, 26 full cell scans, and 6 empty cell scans. Although the foreoptics pressure is different for some runs (see Tables 1 and S2 ), note that the foreoptics chamber pressure is constant during the empty and full Herriott cell runs on any given sol. For sols 306 and 313, the foreoptics pressure was first reduced to zero. The Herriott cell and foreoptics temperatures show the saw-tooth like effect of the small ramp applied to the heater to wash optical interference fringes.
cell, that is, we use the measured Herriott cell pressure and temperature to retrieve a "full cell" methane mixing ratio by comparison with HITRAN. Then for the "empty" cell spectra, we use the same mean temperatures and pressures of the full cell and process the empty cell spectra to reveal the "empty cell" methane mixing ratio. This method makes the difference method most sensitive to Herriott cell methane from Mars, should it be there. If there was no methane on Mars, the empty and full cell results would be identical. If there was 20 ppbv methane on Mars, the full cell result would be 20 ppbv larger than the empty cell result. For sols 79-292, for example, both the empty and full cell results are close to 90 ppbv, and for sols 306 and 313 it is <20 ppbv. For the difference data given in Table 1 and S1, the mean empty cell values for that specific run have been subtracted from the full cell values to provide the resulting Martian methane mixing ratio.
The inlet to the SAM-TLS instrument is a 3/16" internal diameter stainless steel tube heated to 50 o C containing a dust filter of sintered Inconel 0.5 micron particles that is located on the rover side ~1 m above the Martian surface, and was pointed at a variety of directions relative to the nominal wind direction.
Statistical analysis of data:
The spacecraft returns two-minute averaged signals for each of the three spectral absorption lines given in Table S1 . The TLS measurements include methane absorption occurring both in the Herriott cell and along the optical path of the foreoptics prior to entry into the cell, as described in the main text. In our first four sol runs, the foreoptics region had terrestrial air with methane in it, allowing confident identification of the methane absorption lines and continuous monitoring of scan-to-scan line shifts. The foreoptics methane signal also introduces a substantial "blank" signal which must be removed to compute the amount of methane in the Mars atmosphere in the Herriott cell. For the later two sols 306 and 313, the foreoptics were pumped out before hand, and the measured background signals although much lower were treated in exactly the same way for all six sol data comparisons.
We treat each of these lines as a separate estimate of the absorption attributable to methane somewhere along the optic path. These absorptions were converted into an apparent methane mixing ratio in the Herriott cell by assuming that this is the only region in which methane occurs. As shown in Table S3 , all of our sol runs except sol 306 were executed to produce 26 full cell points and 32 empty cell points. For sols 292 and 313 the heat ramp monitor showed that we had not quite reached temperature, and the first one and four points, respectively were removed from the analysis. For sol 306, the daytime run and rover power demand meant that the number of full, empty data points was limited to 22 and 18 points. No data points were removed from this analysis. Results for each of the six sol measurements (see Tables 1 and S3) show mean values ranging from -2.2 to 1.7 ppbv. In the absence of any notable difference in the atmospheric methane abundances retrieved on the six sols, we chose to merge the six individual data sets to obtain best estimates of the atmospheric methane amount, its uncertainty, and our upper limit methane value. We thus obtained 147 full cell points and 167 empty cell points that were then statistically analyzed as a single data set. For this calculation we subtracted the mean blank signal on each sol from the measured signals on that sol. The results are shown in Figure S5 as a histogram for the aggregated 6-sol data set. Each individual sol defines a broadly Gaussian distribution and all sols have statistically equivalent variance. These Gaussian distributions are also indicated in Figure S5 . The mean empty cell value is by definition zero, while the blankcorrected full cell mean is 0.18 ± 0.67 ppbv. These data imply an upper limit with 95% confidence of 1.3 ppbv for the methane volume mixing ratio of the Martian atmosphere. 
